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ABSTRACT 
The importance of lipid dependent yeasts in the hydrolysis of tr iglycerides in human 
skin was investigated by selective antibiotic t herapy and moni torin g of t he lipid composi-
tion and the microbi al f1ora in healthy volunteers. The yeast density was reduced with top-
ical a mphotericin t reatment. In the presence of hi gh populations of C01ynebacterium 
acnes, lipid composi t ion was unchanged. When C. acnes was also inhibited by systemic 
demethylchlortetracycline, triglyceride hydrolysis was reduced to very low levels. The 
aerobic cocci were not implicated in lipid hydrolys is. 
Free fatty acids (FFA) in surface lipids a re de-
rived from the lipolys is of t ri glycerides by ester-
ases of bacterial origin. In vitro, all three of the 
major skin residents, C. acnes (1 , 2), Pity ros-
porum (3, 4) and aerobic cocc i (1, 5), produce fat 
s plitting enzymes. Our concern has been to estab-
lish which of these res ident organisms play im-
portant rol es in vivo. We focused on the sca lp 
because it is ri ch in bacter ia and sebaceous 
glands. 
In our first study coagulase negative cocc i were 
suppressed by topical neomycin ; their removal 
did not lower FFA. We concluded that res ident 
cocci were not a significant source of lipase (6). In 
the second experiment, ora l demethylchor-
tetracycline (DMCT) suppressed C. acnes 
without a ltering the cocca l population. FFA fe ll 
s ignificantly when there was a sharp decrease in 
t he anaerobi c population. The percentage of FFA 
was correlated strict ly with C. acnes density. We 
concluded that FFA are mainly regulated by an-
ae robic bacteri a (7). 
Initially the present study was concerned with 
t he role of the I ipid dependent yeast-like fu ngi of 
t he genus Pity rosporum. On the scalp this is 
main ly P. ovale (8). Our strategy was to reduce 
t he density of this organism by topica l a mphoter-
icin B. In an additional study, we sought to sup -
press the ent ire resident microflora by giving oral 
demethy lchlortetracyc line, topical neomyc in and 
topical amphotericin. 
' MATERIALS AND METHODS 
Healthy adult mal e inmates of the Philadelphia 
County Prisons served as volunteers. Nine subjects were 
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studied in the first experim ent and ten in the second. 
Study 1: Topical amphotericin. The scalp of each 
subject was t reated once daily for four weeks with 0.5% 
amphotericin B in Carbopol gel. Approximately 3 ml of 
gel was spooned onto each subject's fingers who then 
rubbed it into his scalp. 
Study 2: Combination. treatment. Each subject re-
ceived 600 mgm of DMCT ora lly da ily in two doses . 
Amphotericin B, 0.25% was suspended in an aqueous 
solu t ion of 0.01 % Triton-X 100, a non-ionic surfactant . 
0.25% neomyc in sulfate was dissolved in this solut ion. 
About 5 ml of this prepa ration was rubbed in to the 
scalp once da ily. We used the surfactan t rather than the 
gel to suspend amphoteri cin B because the gel formed 
a n amorphous material which in terfered with coun t ing 
yeasts. 
Medicated soaps and cosmetics were proscribed for 
two weeks prior to t reatment. The scalp was washed at 
weekly interva ls with a non-medi cated shampoo. 
Surface lipids. a) Collect ion . As prev iously described, 
ether washings of the scalp were collected on two uc-
cessive days fo llow in g mi crobi a l sa mplin g and 
sha mpooing. These were first coa rsely fil te red to remove 
desqua mated cells and then through Millipore HA -47 to 
remove s mall particles. The ether was vola t ili zed und er 
a nitrogen stream. The li pid sa mples were kept frozen 
in screw ca pped tubes with teflon liners until analyzed. 
b) Analys is. The major co mponents of the surface 
lipid were determin ed by thin layer chromatography 
accordin g to the procedure of Downing (9). 
Microbiological methods. Samples of two ml were 
obtained from duplicate clipped sites on each side of 
the vertex of the scalp using the detergent scrub tech-
nique (10). Samples were ta ken twice before treatment 
and afte r l , 2 and 4 weeks of treatment, and a final 
sa mpl e was obta in ed two weeks after cessat ion of treat-
ment. 
The procedures for quant itative isolat ion of resident 
bacteria were the sa me as before (6, 7). 
In the preceding studies the methods fo r estimating 
the qua nti ty of yeasts were adequate since neither 
DMCT nor neo myc in greatly a ltered the density of Pi-
ty rosporum cells. With a mphotericin B a more ri gorous 
technique was necessa ry. Direct counts are needed be-
cause quantitative recovery of these orga nisms in cul-
ture has not been achieved, even though Pityrosporu.m 
ca n be isolated from nearly 100% of norma l sca lps (11). 
A volume of 0.18 ml of sa mple fluid , undiluted and 
diluted ten t im es was added to a clea n circula r cover-
slip, rest ing on a support of smaller diameter. This was 
suffici ent to cover the coversli p com pletely with a bev-
156 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
eled edge. After a ir drying the deposit was fixed and 
stained with May-G runwald -Giemsa for 1 hour. The 
coverslip was t hen mounted on a slide and cells coun ted 
in a measured a rea defin ed by an eyepiece grid . In the 
pret reatment samples 20 fie lds of the tenfold dilut ion 
generally yielded more than 100 cells whil e after t reat-
ment 400 fi elds mi ght not conta in a ny organis m. Pity-
rosporum ouale was the domina nt fo rm but more s pher-
ical cells resembling Pityrosporum orbiculare were a lso 
present in some individuals. Duplicate sa mples ta ken 
before t reatment showed good correlat ion (r = 0.72) . 
RESULTS 
Pretreatm ent microfl ora 
Before t reatment, t he aerobic f1 ora was essen-
tially simila r in all nineteen subjects. Coagulase 
negative cocci were overwhelmingly more nu-
merous than the next most frequent organisms, 
Sarc ina and lipophilic diptheroids. Amongst the 
cocci, Micro coccus type 3 was most abunda nt fol-
lowed by Staphy lococcus type II. Staphy lococcus 
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aureus was ra re. 
We ascerta ined beforehand that a ll the subjects 
carried a dense f1 ora of C. acnes, ranging fro m 4.5 
x 105 to 3 x 107 organisms per sq. em . 
Effect of amphotericin on m icrobia./ fl ora 
Before t reatment, yeasts were abundant in a ll 
subjects. By the end of t reatment yeast ce ll s were 
practica lly eliminated and could not even be 
found in 8 of 16 sam ples. The mean density in 
those who had yeasts was less tha n 1000/cm 2 
compared to a n ori gina l geomet ric mean of 8 x 
10" cells. 
In the follow-up period yeast could be found in 
all subjects but the geometri c mean density was 
still low t wo weeks after the last treatmen t (Fig. 
1). There was a tendency for the coccal f1 ora and 
especiall y for the a naerobes to rise during the 
t reatment , t he m ea ns were a lm ost two-fo ld 
greater than before treatment. 
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F IG. 1. Effect of topical am photericin on scalp fl ora. Pity rosporum density fell to less than 1% of the original value 
but fatty acids changed little. Bars indicate 95% confidence limits of the mean. Limits cannot be calculated for the 
groups of samples which included zero readings. 
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E ffects of amphotericin on the co mposition of th e 
surface lipid 
B efore t reatment the average percen tage of free 
fat ty ac ids in t he surface lipid was 35%. This did 
no t change during or after t reatment . 
Effec ts of combined treatm ent on the microbial 
f lora 
The ae robic fl ora fell in density during the first 
t wo wee ks of t rea tment (Fig. 2). Unexpec tedly, 
t his was not ma inta in ed. By the fourt h wee k the 
mean cocca l dens ity returned to t he origina l leve l. 
T h e density of cocci rose still further in the 
fo llow-up period . 
The mean d ensity of C. acnes remained essen-
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tia lly at pret reatment va lues after the first two 
weeks of t reat ment. The density fe ll a brupt ly to 
1% of the ini t ia l level in the last two wee ks of 
t reatmen t. In t he fo llow-up pe ri od recovery was 
only pa rt ia l though so me subjects returned to pre-
t reatment levels by two wee ks. 
Th e coun ts of Pityrosporu m ce ll s fo r each 
sa mpl e are shown in the T able. During t he first 
two wee ks of t reatment the Pityrosporum coun t 
fell from 300,000 cells to less tha n 20,000 cells per 
sq. em. ; t hi s low leve l was ma in ta ined in t he last 
t wo weeks of t reatment . In the follow-up period 
the coun t increased , but after 2 weeks the mean 
leve l was s ignifica ntly lower than the pretreat-
ment va lue. Other yeasts were occas iona lly re-
covered cul tura lly bu t t he density was a lways low. 
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FIG. 2. Effects of combined topical and systemic therapy. Pityrosporum and aerobes were reduced within 2 weeks, 
C. acnes by 4 weeks. Fatty acids fell steadi ly throughout treatment. Note recovery of aerobic fl ora without increase 
in fatty acids. 
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TABLE 
Effects of combined therapy on yeast count. Density in 
thousands per sq . em. 
Subjccl C-1 C-2 2 4 + 2 
1 L 891 303 11 11 -
R 386 156 4 7 -
2 L 579 790 77 - -
R 1,580 1,185 !ll - -
3 L 643 496 29 11 7 
R 726 441 33 40 88 
4 L 1,130 643 51 99 871 
R 1,525 533 40 29 577 
5 L 625 294 33 11 364 
R 524 312 22 15 276 
6 L 358 257 1 - -
R 367 285 4 - -
7 L 193 156 4 -
-
R 422 64 7 - -
8 L 349 276 15 11 22 
R 248 432 7 2 18 
9 L 992 129 29 7 22 
R 1,249 193 15 15 114 
10 L 478 900 - 4 915 
R 1,204 - - 26 728 
Effects of combined therapy on the composition 
of the surface lipid 
Initially FFA made up 33% of the surface 
lipids. The percentage of FFA fell rapidly in the 
first week of treatment and continued to decrease 
reaching a low of 11% at the end of t reatment. 
Some subjects had less than 5% FFA. The level of 
FFA returned to the pretreatment value two 
weeks after treatment was stopped. 
DISCUSSION 
The vantage point afforded by these three 
studies provides a clear view of the relative im -
portance of individual microorganisms in gener-
ating FF A from triglycerides. 
Cocci can be a ltogether ignored as a source of 
lipases. When these were reduced to 1% of their 
origina l level without apprec iable cha nge in the 
densities of C. acnes and Pityrosporum, FFA 
remained the same (6) . In the present study, the 
coccal population, whether declining sharply in 
the first two weeks or increasing to origina l levels 
in the next two, had no influence on the steady 
decrease in FFA. Although individual isolates 
continued to be sensitive to standard neomycin 
discs it is possible t hat the cocci had acquired re-
sistance to levels that might have obtained on the 
sca lp. Previously we used 0.5% neomycin which 
was suppressive as long as it was applied. 
The second study (7) with oral DMCT sup-
pressed C. acnes but did not a lter the levels of 
cocci and yeasts. Some of the subjects happened 
to have low C. acnes counts. In these, DMCT had 
no effect either on C. acnes or FFA. However, in 
those with initially hi gh C. acnes counts and cor-
respondingly high FFA both · the C. acnes count 
and FFA decreased, t he latter to only 25% from 
an initial level of about 40%. In short , there was , 
still considerable lipolysis even when C. acnes 
was sparse. This suggested that cocci or yeasts 
might be inl1uential when anaerobes were no 
longer plentiful. 
The current findings strongly implicate a role 
for yeasts when the C. acnes density was low. 
When C. acnes was abundant Pity rosporum was 't 
of no account . FFA remained at about the same 
level despite virtual extermination of the yeasts. 
Interestingly, C. acnes increased somewhat prob-
ably because it cou ld occupy the space vacated by 
Pityrosporum. The follicle is the chief habitat for 
both organ isms. 
With full spectrum antibiosis using a ll 3 drugs, 
FF A fe ll to leve ls considerably lower than was 
achievable by DMCT alone, namely about 10%. 
In some individuals the inhibition of lipolysis was 
nearly complete. This occurred despite the fact 
that cocci had returned to their origina l density . 
Clearly, these unprecedently low leve ls reflected 
the suppress ion of both the yeast and anaerobic 
microflora. When C. acnes were few either from 
treatment or naturally, the impact of t he yeasts 
could be perceived. In persons with natively low 
C. acnes counts, FFA still accounted for about 
20% of the su rface lipids, a level not affected by 
DMCT, probably because of lipases elaborated by 
Pityrosporum. C. acnes, however, is t he organism 
which clearly regulates t he level of FFA under 
ordinary circumstances. Its influence is very 
much greater t han yeasts since abolition of the 
latter a lone is without effect. Suppression of C. 
acnes, leaving yeasts to thrive, invariably lowers 
FFA. Suppression of both leads to very low levels 
of FFA. One can achieve a virtual elimination of 
yeasts with amphotericin B. DMCT has not quite 
the same impact on C. acnes. Although t he reduc-
tion may exceed 95%, substant ia l numbers shall 
remam. 
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